in the autoclave. Treated animals were given three injections of the triton solution at 3 day intervals; each dose containing 300 nag. of triton per kg. of body weight. The control animals received an equal volume of saline. Injections were made subcutaneously in the groin. Blood and tissues were removed for chemical analysis 2 days after the last injection of triton or saline.
Animals and D/et.--The guinea pigs used in this study were albino males weighing between 340 and 400 gin. They were fed daily a stock diet of commerical pellets supplemented with fresh cabbage.
Lipide Det~rminoy~ion--Serum.--Whole blood (4 to 5 cc.) was collected by cardiac puncture from fasted (16 hours), treated, and control animals. The blood was allowed to clot at 5°C. for 1 hour and the serum was collected after centrifugation. A 1.5 cc. aliquot of each serum was added dropwise to 12 co. of a 3:1 ethanol-ethyl ether mixture, shaken briefly, and heated just to the boiling point. After the tubes had cooled, 10 cc. of the ethanol-ether mixture were added and they were centrifuged. The sediments were re-extracted twice more by the same technique. The ethanol-ether superuates were pooled, concentrated to small volume (4 cc.) with gentle heat under a stream of nitrogen, and extracted three times with 10 cc. portions of petroleum ether. The petroleum ether extracts were pooled and concentrated down to 15 cc. under nitrogen. 5 cc. aliquots were used for determination of total lipide by the method of Bragdon (11) and lipide phosphorus by the method of Flake and SubbaRow (12) . Phospholipide levels were calculated by multiplying the figure for lipide phosphorus by 25. Total and free cholesterol were determined on the balance of the petroleum ether extract by the method of Zlatkis (13) . Esterified cholesterol represents the total minus the free cholesterol, Values for neutral fat were calculated from the total lipide, phosphollpide, and total cholesterol (11) . Serum total fatty acids were determined on 2 cc. aliquots of serum extracted twice on a 60°C. water bath with 7 volumes of a 3:1 ethanol-ether mixture. The ethanol-ether extracts were concentrated to small volume with gentle heat under nitrogen and extracted three times with petroleum ether. The combined petroleum ether extracts were taken to dryness under nitrogen and sapoulfied with 0.2 ~ alcoholic KOH by refluxing on a boiling water bath for 2 hours. The soaps, after removal of tmssponifiable material with petroleum ether, were acidified with 5 s HC1. Fatty acids were then extracted with ethyl ether, dried under nitrogen, taken up in warm ethanol, and titrated to pH 9.8 with 0.02 N NaOH in a Coleman model 20 electrometer. The titration value of an equal volume of ethanol was subtracted from the experimental values and the results were recorded as milllequlvaleuts of fatty acid per 100 cc. of serttm.
Lipide De~rminalions--Tissues.--Total fatty acids were isolated from weighed samples of lung, liver, and spleen from treated and control guinea pigs by methods essentially similar to those used for serum, after first homogenizing each sample thoroughly in six volumes of ethanol in a ServaU omni mixer. Fat-free residues were dried (70°C.) to constant weight. In the case of spleen, fatty acids were titrated as above. With lung and liver samples, fatty acids were determined by the method of Bragdon (11) and the iodine numbers and saponification equivalents determined by the methods of Yasuda (14) and Ketchum (15) , respectively. Adrenal glands were weighed, thoroughly homogenized in a 1:1 acetone-ethanol mixture and extracted four times with the warm solvent. The acetone-ethanol extracts were pooled, filtered, and total cholesterol was determined by the method of Zlatkis (13) . The adrenal residues were dried (70 ° ) to constant weight.
Slatistical AnoJysis.--The significance of the differences between experimental and control values was calculated by the t test (16) .
RESULTS
The serum phospholipide, cholesterol, and neutral fat levels of three control and four experimental animals are shown in Table I . It will be seen that after three injections of triton there were marked increases in all of the lipide components. It is of interest to note that the greatest percentage increase occurred in free cholesterol followed, in decreasing order, by phospholipide, neutral fat, total cholesterol, and ester cholesterol.
I t is quite obvious from these results that hyperlipemia can be produced readily in guinea pigs by the subcutaneous injection of triton and that the hyperlipemia is similar, quantitatively and qualitatively, to that produced in triton-injected rabbits (7) . In view of these findings it was thought per- tinent to determine whether, in conjunction with the marked hyperlipemia, there are produced associated changes in the lipide levels in the tissues of treated animals.
For this purpose five treated and five control animals were used. They were injected with either saline or triton in the usual fashion and total fatty acids from lung, liver, and serum were determined. In an attempt to detect qualitative changes, the iodine numbers and saponification equivalents were determined on the lung and liver fatty acids. The results of this study are presented in Tables II and III. I n agreement with the findings of the previous experiment, administration of triton resulted in extremely high serum lipide levels as evidenced by more than a 1700 per cent increase in total fatty acids. Despite this marked lipemia, however, the fatty acids of the lung and liver remained essentially normal both quantitatively and qualitatively. Statistical analysis of the differences between means of all the data presented in Table I I I revealed that none was significant at the 0.02 probability level. The fact that the yields of fatty acids in lung and liver of triton-injected guinea pigs were normal whether based on weight of fresh tissues or tissue residue suggests, also, that the admluistration of triton did not significantly alter the water content of the organs.
It has been reported (1) that by histochemical examination the cortex of adrenal glands of mice given triton appear to have been stripped of fat and cholesterol. No abnormalities were noted on microscopic examination of sections of adrenals from rabbits following single or multiple injections of triton (7) . Since, to our knowledge, no reports have appeared in the literature dealing with the effect of trition on the chesterol levels of guinea pig adrenals a final experiment was designed to explore this possibilty. In addition, since they had not been examined in any of the previous studies, the spleens of these animals were removed at autopsy for measurement of total fatty acids. The adrenal cholesterol levels of these animals are given in Table IV . The injection of triton produced a slight, but statistically significant, reduction in adrenal cholesterol. The weights of the adrenal glands of these animals did not, however, differ significantly from those of the control guinea pigs. In Table V it will be seen that, as with the lung and liver, the injection of triton had no effect on the total fatty acid content of the spleen.
DISCUSSION
The hyperlipemia induced in guinea pigs by the administration of triton was not particularly surprising in view of the results of previous studies with rabbits (7) and mice (8) . Despite the marked elevations in all major blood lipide components, however, it was of interest that the fatty acid levels of the lung, liver, and spleen of triton-injected guinea pigs remained essentially normal. Also, no qualitative changes in the fatty acids of the tissues from treated animals could be detected by the methods used in the present study. These observations have particular interest since Hirsch and Kellner have shown that the cholesterol content of the livers of rabbits treated with triton remains unchanged both during the rapid rise of serum cholesterol and during the return to normal levels (17) . Friedman and Byers also report that the excess of cholesterol is confined to the blood alone (18) . It has been suggested that the liver is the major, and perhaps the sole, source of the increase in cholesterol in triton-induced hyperlipemia and that the surface-active agent brings about hyperlipemia, not by affecting the transfer of newly formed lipoprotein from the liver into the blood stream, but by a physical or chemical alteration of the circulating lipoproteins which impedes their passage from the plasma back into the liver (17) . In support of this hypothesis Brown, Boyle, and Anfinsen report that triton combines with lipoproteins to yield products which, even after washing with saline, are not attacked by clearing factor (19) . This observation has recently been confirmed and extended by Schotz, Scanu, and Page (20) . The results of the present study suggest that the failure of equilibration of lipides between plasma and tissues is not confined to the liver alone but includes the lung and spleen as well.
In agreement with the results of previous studies in mice (1) , the injection of triton was found to diminish slightly the cholesterol content of guinea pig adrenals. It is beyond the scope of this paper to speculate in great detail on the mechanism involved. Suffice to say that the precise nature of the alteration in adrenal cholesterol remains unknown and that further experimentation would be desirable.
It was mentioned earlier that triton, while not bacteriostatic for virulent tubercle bacilli in vitro, has the ability to suppress tuberculosis in experimental animals. Although an extracellular phase must be assumed to prevail in progressive spreading infection, tubercle bacilli are seen to be primarily intracellular in the infected host, where they are rapidly phagocytized by polymorphonuclear leucocytes and monocytes (21) . The finding that alterations in lipide levels following injection of triton are apparently confined to the blood alone lends little support to the view that there might be a relationship between the therapeutic effect of the surface-active agent and the disturbance in fat metabolism. Certain other facts seem worthy of mention in this regard. First, it has been reported that the serum from animals treated with triton has no tuberculostatic activity in vitro (6) . Secondly, doses of surface-active agent lower than those required to produce lipemia are therapeutically active (22) . Available evidence would thus indicate that there is no correlation between therapeutic activity and the degree of lipemia pro-duced. It could be argued, in view of the results obtained by Mackaness (6) , that chemical analysis of isolated cellular elements (monocytes) might have been more informative. Such studies were initiated in this laboratory but it soon became evident that cellular surfaces are somehow altered by triton. This led to a study on the effect of triton on the fragility of blood cells, details of which will be presented in a subsequent paper.
SUM~ARY
Guinea pigs given three subcutaneous injections of triton WR-1339, 300 mg./kg., at 3 day intervals develop an intense lipemia as evidenced by marked increases in serum phospholipide, free cholesterol, ester cholesterol, neutral fat, and total fatty acids. The total fatty acid content of the lung, liver, and spleen, however, remains unchanged. No qualitative change in the fatty acids of the lung and liver from treated animals could be detected by the methods used. The injection of triton was found to diminish slightly the cholesterol content of the adrenal glands.
The implications of these findings are discussed in relation to an understanding of the mechanism involved in the therapeutic action of triton in experimental tuberculosis.
